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This study was conducted to examine the effect of replacing milk fat by some edible oils
(butter oil, rice bran oil and palm oil) on chemical composition, antioxidant activity and
oxidative stability of full-fat, half fat and low-fat spreadable processed cheese analogues. In
general, the chemical composition (total solids %, fat %, fat/dry matter, total protein % and
ash %) was satisfied to the legal Egyptian standards (ES: 1132-2/2005) with no effect of the
type of edible oil used ore storage temperature (5 or 25°C) after three months. The pH value
of fresh samples containing Palm QOil (PO) or Rice Bran Oil (RBO) were higher than that
containing Butter Oil (BO). Generally, the pH values decreased in all spreadable processed
cheese analogue samples at the end of storage period at both storage temperature used
under this study (5 or 25°C). Regarding the antioxidant activity it was observed that the more
fat percent in spreadable processed cheese analogue increased the more antioxidant effect
of its methanol extract increased. The replacement of milk fat by RBO led to a higher radical
scavenging inhibition and reducing power effect than samples containing PO or BO. All
spreadable processed cheese analogues produced under this study showed slight changes
in dienes and thiobarbituricacid (TBA) values which indicate their stability towards oxidation
after three months of storage.

Key words: Processed cheese analogue, rice bran oil, palm oil, butter oil, antioxidant,
oxidative stability

INTRODUCTION

Processed Cheese is an important part of the cheese market'. In Egypt the production
of processed cheese products are in increase and have received much attention?.
Normally, the plan of handled processed cheese should be possible by mixing diverse
cheese types with various level of development, enhancing into smooth homogeneous
mix with the guide of heat, mechanical shear and emulsifying salts*4. Recently, because
of both economic reasons and the increase of consumer's awareness on the impact
of food on health the use of partially or fully replacement of natural cheeses with
several dairy or non-dairy ingredients. Solowiej® have been used to produce processed
cheese-like (cheese analogs) products’. Regarding the water face, either rennet or acid
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caseins or their combination are reported to be good sources
of protein in production of processed cheese imitations®. That
because of their functional characteristics to giving food
products a suitable structure, consistency, fat emulsifying
properties, whipping ability and bland flavor®.

In spite of, the decrease in fat substance of cheese has been
prescribed to get useful products low in cholesterol and
soaked unsaturated fats the lower fat or nonfat common
cheese is related with numerous useful and organoleptic
disadvantages®''. When fat is diminished an expansion in
protein arrange and an abatement in grease gave by fat
happens which brings about a firm, rubbery surface and poor
melting characteristics'>'3. These defects can be enhanced by
the addition of water, protein, or other additives such asgums
and stabilizers*. Adding fat replacers that partially or fully
replace fat and simulate the properties of fat also can help to
improve the acceptability of low fat processed cheese
analogs™8, Another methodology is substituting of milk fat
totally or partially by vegetable fats*. Lobato-calleros and
Vernon-carter® reported that the substitution of milk fat by
different vegetable fats directly affect the characteristics of the
resultant processed cheese analogous. The morphology, size
and distribution of the fat droplets into the protein network
were all influenced by the type of fat used which indicate that
the type of fat affects the properties of the final*’.

In recent years, uses of Rice Bran Oil (RBO) in human nutrition
are in increase. RBO has been used for centuries in Asian
countries and its popularity is in increase in the United States,
India and Thailand due toiits health benefits'®. RBO is balanced
in saturated, monounsaturated and polyunsaturated fatty
acids and meets the American Heart Association (AHA)
recommendations'. Itis also, rich in nutraceutical compounds
such as tocopherols, tocotrienols and gamma oryzanol which
they have been linked with health improvement by lowering
serum cholesterol, having antioxidant functionality in
humans?-22, Numerous scientists gotintrigued to contemplate
the impact of milk fat substitution by RBO in cheese products.
Tuntragul et a/ found that substitution of milk fat by RBO in
without fat mozzarella cheese improved both useful and
healthy attributes of produced cheese.

Thus, this study was planned to investigate the effect of three
different types of edible fat (butter oil, palm oil and rice bran
oil) on the chemical composition, antioxidant activity and
stability of full, half and low fat spreadable processed cheese
analogues.

MATERIALS ANDMETHODS
Raw materials: To manufacture full fat, half fat and low fat
spreadable processed cheese analogues the following

ingredients were used: fresh skimmed buffalo's milk obtained
from the herd of the Faculty of Agriculture, Cairo University,
Giza, Egypt was used to produce acid and rennet caseins. Sos
special obtained from JOHA BK Ladenburg, Germany was used
as an emulsifying salt. Single quality fluid calf rennet was
gotten from Dairy unit, Dairy science Department, Faculty of
Agriculture, Cairo University and it was added to the milk at
pace of 1.5 mL kg~" milk . Freeze-dried lactic culture for Direct
Vat Set (YC-X11, thermophilic yoghurt culture Yo-Flex®) was
obtained from Misr Food Additives Company, Giza, Egyptand
it was used as a starter culture. Buffalo’s butter oil was
obtained after churning process in our lab. A commercial
fine grade sodium chloride salt was obtained from EI-Nasr
saline’s Co., Alexandria, Egypt. Palm oil was from Arma
Company for Food Industries. RBO (free of cholesterol and
contains 200 mg/100 g oil of Oryzanol) produced in Thailand
was purchased from Egyptian local market.

Manufacture of spreadable processed cheese analogues
Production of protein source: Milk was pasteurized
(72°C/15 sec), then at cooled 40°C before the addition of
starter culture. Twenty mintue later rennet was added until
final coagulation and the curd occurred (42% TS, 2% fat and
4.76% F/DM). The second one (Curd 2) was made up by rennet
coagulation only (29% TS, 1% fat and 3.45% F/DM). These
curds were kept under freezing conditions until used.

Processing of the spreadable processed cheese analogues:
The full fat, half fat and low fat spreadable processed cheese
analogues were prepared under the guide lines
recommended by the Egyptian Organization for
Standardization and quality. They were formulated under the
regulations appeared in the Egyptian Standers (ES: 1132-
2/2005) for processed cheese with vegetable oils and fats
parts 1and 2 as follows: 59% moisture, 41% TS, 18.45% fat and
45 F/DM for full fat, 69% moisture, 31% TS, 7.75% fat and
25 F/DM for half fat and 71% moisture, 29% TS, 4.35% fat and
15 F/DM for low fat.

Nine different blends of processed cheese analogues were
manufactured in which they were different from each otherin
the source of fat (butter oil, palm oil or rice bran oil) or its
percent (Full fat, half fat or low fat). The ingredients (g kg™
blend) used isillustrated in Table 1. Each blend was processed
in a double jacketed pan using a direct steam for heating at
85-90°C for 5 min with continuous mixing at 1400 rpm. The
hot semi-fluid processed cheese analogue was poured into
plastic cups with screw and then cooled rapidly. Samples from
each blend were divided into three groups. The first one was
analyzed as fresh sample, the second was stored at 5°C for
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Table 1: Blends composition of the spreadable processed cheese analogues

Spreadable Ingredient (g kg~ blend)

processed

cheese blend Curd (1) Curd (2) Stabilizer salt (S,,) Salt Fat Water
Full fat 250 305.5 30 10 176.5 228.0
Half fat 250 3304 30 10 69.2 3104
Low fat 266 357.0 30 10 34.6 3024

three months and the third was kept at 25°C for three months
as storage conditions before they were analyzed.

Analytical methods

Fatty acids profile analysis: For fatty acids relative
distribution analysis of different fats the fatty acids methyl
esters were produced according to AOAC?* and the Gas liquid
chromatography was used for determination on a Hewlett
Packard Model 6890 chromatograph. Briefly, Separation was
done on an INNO wax (polyethylene glycol) Model No. 19095
N-123, 240°C maximum, capillary column 30.0 m X530 pm X
1.0 um, nominal flow 15 mL min~' with average velocity
148.78 cm sec™!' and pressure 8.2 psi temperature
programming: Initial temperature 100 to 240°C final with
10°C min~' for each minute and then holds at 240°C for
10 min. Injection temperature 280°C, backinlet, with splitratio
8:1, split flow120 mL min~', gas saver 20 mL min~". Carrier gas
was nitrogen with flow rate 15 mL min~'. Flame ionization
detector temperature 280°C, hydrogen flow rate 30 mL min~!
and air flow rate 300 mL min—".

Chemical composition and pH: Moisture and ash contents
were determined as described by AOAC?. Total nitrogen and
fat contents were determined as mentioned by Ling?. The pH
values were measured by using pH meter: PTI-15, Aque
chemical Co., England.

Antioxidant activity: The methanol extract from different
spreadable processed cheeses samples was prepared by
adding one gram of cheese sample to 10 mL methanol 98%,
then blended well using carburetor magnetic and left for
24 h at 25°C. The obtained extract was nominated using
filter paper (whatman No. 1). The residue was re-extracted
(3-4 times) with methanol. The filtrate left at room
temperature even gets a sticky substance and keptin the dark
at4°Cuntil use 7. Then, the antioxidant activity properties of
fresh spreadable processed cheese analogue samples were
determined using two different methods as follow:

1, 1-diphenyl-2-picrylhydrazyl (DPPH) radical scavenging
activity: Antioxidant capacity of fresh cheese analogue
samples extracts was assessed using DPPH free radical. The

DPPH radical scavenging activity of oil extracts from cheese
samples was quantified according to the method reported by
Suwanna et a/® with minor modifications®. Five different
concentrations ranging between 0.1 and 1.0 mg mL~" of each
extract (0.5 mL) was mixed with 2.5 mL of methanolic DPPH
radical (0.1 mM). After leaving for 20 min in the dark at room
temperature, the absorbance was recorded at wave length
517 nm using a UV visible spectrophotometer (UV 1601 PC,
Spectrophotometer, Japan). The radical scavenging activity
(% inhibition of DPPH) was calculated as a percentage of DPPH
discoloration using the following equation:

A control — A sample

Inhibition of DPPH (%) =
A control

%100

(a-Tocopherol was used as the reference antioxidant).

Reducing power assay: The reducing power of cheese
samples was carried out as described by Yildrim et a/?° with
minor modification compared to a-tocopherol (60 mg mM-1).
One milliliter of sample extracted was mixed with 1T mL of
sodium phosphate buffer (0.2 M pH 6.6) and 1 mL of 1%
potassium ferricyanide [K;Fe(CN)¢]. The mixture was incubated
at 50°C for 30 min, afterwards, 1 mL of 10% trichloroacetic
acid (w/v) was added and the mixture was centrifuged at
2000 g for 10 min. The upper layer (1 mL) was mixed with
deionized water (1 mL)and 0.1% of ferric chloride (0.5 mL) and
the absorbance was measured spectrophotometrically at
wave length of 700 nm.

Oxidative stability: Edible oils used for milk fat replacement
in the produced spreadable processed cheese analogues and
cheese fat extracted from different cheese samples were
analyzed for both peroxide (PV) and acid (AV) values as
described in the AOAC?. The thiobarbituric acid (TBA) value s
determination was done according to method described by
Keeny®. Total Volatile Fatty Acids (TVFA) were determined as
explained by Kosikowski?'.

Determination of dienes content was also applied. Conjugated
linoleic acids were estimated spectrophotometrically
according to the method of AOAC?, as follows: about 1 g of
processed cheese samples was weighed into 25 mL conical
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flask, mixed with 2 g of sodium sulphate (anhydrous) and
extracted three times with small amounts of petroleum ether.
The combined extracts were transferred quantitatively into
25 mL volumetric flask and made up to volume with
petroleum ether. One milliliter of the extract was diluted to
20 mL with petroleum ether. The absorbance of diluted
solution was measured at wave length 233 nm using a
spectrophotometer (spectrum uv-vis spectrophotometer,
Taiwan). The absorbance was corrected for the calculation of
diene content using the following equation:

a2=a233-a0

where, a2 was the corrected absorptivity for conjugated
dienes, a233 was the absorbance at 233 nm wavelength, a0
was the correction factor which equals 0.07 (The percentage
of conjugated dienes = a2x0.84).

RESULTS AND DISCUSSION

Characterization of edible oils: All edible oils used in the
study were evaluated for their fatty acid composition,
oxidative stability, acid and peroxide values. The fatty acids
profile of different edible fats used in the study are presented
in Table 2. The samples of the fat were also evaluated for their
oxidative stability as well as acid and peroxide values AOAC?
and the data are presented in Table 3.

Chemical composition and pH: The chemical composition of
fresh manufactured spreadable processed cheese analogue
samples and after three months of storage at 5 or 25°C was
determined and presented in Table 4. The minimum percent
of total solids content was detected for low fat cheese samples
which ranged from 27.75 to 28.91% with no significant
differences between all low fat spreadable processed cheese
samples even they are different in the type of edible oil used.
Among all cheese samples, the percent of total solids directly
proportional with fat levels meeting the requirements of the
quality standard. The fat content on dry matter basis of
different spreadable processed cheese samples was satisfied
to the legal Egyptian standards (ES: 1132-2/2005) and it was
recorded to be round 43, 23 and 13 for full fat, half fatand low
fatspreadable processed cheese samples respectively with no
effect of the type of edible oil used or storage temperature
after three months. The opposite trend was observed for total
protein percent whichis negatively proportional with the level
of fat in all cheese samples represents no significant
differences between cheese samples with the same level of
fat. The use of different fat levels affected the values of ash

Table 2: Fattyacids profile and relative distribution (%) of edible oils used in the
manufacture of spreadable processed cheese analogues

Fatty acid Butter oil Palm oil Rice bran oil
Saturated 53.766 45316 24414
C4:0 1.699 - -
C6:0 1.484 - -
C8:0 0.828 - -
C10:0 1.660 - -
Cc11:0 - - -
C12:0 2.191 0.211 -
C14:0 0411 0.997 0.424
C15:0 1.586 - -
C16:0 29.701 39.219 19.680
c17:0 1.115 0.091 0.049
C18:0 12.280 4.248 2.137
C20:0 0.588 0.550 1.440
€22:0 0.223 - 0.273
€240 - - 0411
Monounsaturated 27.964 43.221 41.773
C14:1 0.433 - -
C15:1 0.390 - -
c16:1 1.744 0.219 0.207
171 0.348 0.030 0.023
c18:1 25.049 42972 41.543
Polyunsaturated 3.742 11.194 33.652
c18:2 2978 10.898 32.456
c18:3 0.764 0.296 1.178
Non identified 14.961 4.517 0.179

fatty acids

Table 3: Oxidative stability, acid value and peroxide value of edible oils used in
the manufacture of spreadable processed cheese analogues

Type of Oxidative stability Acid value Peroxide value
edible fat at 110°Ch™! (mgKOHg " oil)  (meq O, kg™ oil)
Butter ol 7.80 0.41 1.44

Palm oil 2.40 0.24 272

Rice bran oil 5.75 1.02 2.04

content with no significant effect of edible oil type used.
While it was affected by the storage temperature as shown in
Table 4. The ash content in cheese samples stored for three
months at 25°C were higher than those in fresh or stored at
5°C for three months.

The effect of milk fat replacement with different edible oils on
the change of pH values in full-fat, half-fat and low-fat fresh
spreadable processed cheese analogues and after three
months of storage at 5 and 25°C was demonstrated at Fig. 1.
The pH values (Fig. 1) of fresh processed cheese analogues
containing vegetable oils (PO and RBO) were higher than that
of containing BO. The fresh processed cheese analogue
samples containing RBO had the highest amounts of pH than
other samples and this may be due to the high acid value of
ROB (1.02 mg KOH g™ oil) as presented in Table 1. The
decrease of pH values for all samples at the end of storage
period at 5 or 25°C was also observed. This is probably due to
the hydrolysis of the emulsifying salts and their interaction
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Table 4: Changes in chemical composition of produced spreadable processed cheese analogues under different storage temperature for three months

Age Type Treatment TS (%) Fat (%) F/DM TP (%) Ash (%)
Fresh Full BO-F 40.112 17.43® 43.50° 12.22° 5.57f%
RBO-F 40.46* 17.53® 43352 12.58° 5.64%
PO-F 40.76° 17.80° 43.70° 12.52° 5.409
Half BO-H 30.45° 7.07¢ 23.22° 13.23° 5.61%
RBO-H 30.39° 7.00¢ 23.04° 13.47° 5.64f
PO-H 30.45° 7.03¢ 23.10° 13.26° 5.62f
Low BO-L 28.46 3.90¢ 13.70¢ 15.79° 5.63f
RBO-L 28.91¢ 3.97¢ 13.73¢ 15.86° 5.9QPcdef
PO-L 28.57¢ 3.97¢ 13.90¢ 16.05° 6.040<d
3 months/5°C Full BO-F 40.012 17.33® 43.36% 12.36° 5.64%
RBO-F 40332 17.40% 43.16° 13.08° 5.69¢f
PO-F 40.66% 17.42% 42.84° 13.10° 5.63f
Half BO-H 30.37° 6.90¢ 22.72° 13.53% 5.76cdef
RBO-H 30410 6.93¢ 22.96° 13.79° 5.79¢def
PO-H 30.35° 6.93¢ 22.85° 13.50° 5.759%f
Low BO-L 28.26¢ 3.80¢ 13.37¢ 15.86° 5.80%f
RBO-L 28.81¢ 3.80¢ 13.20¢ 16.722 6.14>
PO-L 28.45¢ 3.80¢ 13.37¢ 16.142 6.21°
3 months/25°C Full BO-F 39.732 17.03° 42.89° 12.38° 6.05b<¢
RBO-F 40.172 17.10° 42.58° 13.01° 6.15°
PO-F 40452 17.43® 43142 12.940 5.89bcdef
Half BO-H 30.07° 6.50¢ 21.63° 13.72° 6.11b¢
RBO-H 29.97b 6.63¢ 22.14b 13.69° 6.21°
PO-H 30.05° 6.63¢ 22.08° 13.57° 6.07bcde
Low BO-L 28.144 3474 12.39¢ 16.222 6.12f
RBO-L 28.43¢ 3.53¢ 12.64¢ 16.312 6.64°
PO-L 27.95¢ 3.50¢ 12.53¢ 15.922 6.56°
LSD 1.1116 0.5911 2.2847 16113 0.3392

BO-F: Full fat butter oil, BO-H: Half fat butter oil, BO-L: Low fat butter oil, RBO-F: Full rice bran oil, RBO-H: Half fat rice bran oil, RBO-L: Low fat rice bran oil, PO-F: Full
fat palm oil, PO-H: Half fat palm oil, PO-L: Low fat palm oil, Different superscripts at the same column are significantly different (p<0.05)

Fig. 1: Changes in pH value in different aged spreadable
processed cheese analogue samples after three
months under different storage temperature

with proteins as well as the free fatty acids degradation during
storage333. Replacement of milk fat by PO highly lowered the
pH value which was the lowest for low-fat sample stored for
three months at 25°C among all other samples. This finding
can be supported by the results in Table 3 which showed that
the oxidative stability at 110°C h~' for PO (2.40) was lower
than those of RBO (5.75) and BO (7.80).

B Full @ Haf OLow
47.64

60 53.03

50 3843

40 3191 g9
30

359535483371

DPPH (%)

207 10.34
10

Rice bran oil Palm oil Butter oil

Types of edible oil used

Fig. 2: Scavenging activity (DPPH %) of methanol extracts of
fresh full, half and low spreadable processed cheese
analogue samples as affected by different types of
edible oils, BO: Butter Qil, RBO: Rice Bran Qil, PO-L: Low
fat palm oil

Antioxidant activity of fresh spreadable processed cheese
analogues: The evaluation of antioxidant activity of fresh
spreadable processed cheese analogues was studded and the
degrees of radical scavenging activity (DPPH %), were
presented in Fig. 2 and 3.

DPPHis a stable free radical that shows maximum absorbance
at517 nm.Theamount of absorbance decreases as the radical
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Fig. 3: Reducing power of methanol extracts prepared from
fresh full-fat, half-fat and low-fat spreadable processed
cheese analogue samples as affected by different types

of edible oil

is scavenged by antioxidant substances as a result of
neutralization of free radicals either by donates hydrogen or
an electron by the tested sample34. The inhibition percent in
DPPH of methanol spreadable processed cheeses extracts as
an antioxidant activity are largely related to the type of edible
fats used (Fig. 2). Generally, the antioxidant activity was
observed for full fat samples and relatively decreased by
decreasing thefatlevel. Also, different full fat samples showed
higher inhibition (DPPH %) than half or low fat samples. In the
full fat spreadable processed cheese analogue samples the
RBO had the higher radical scavenging inhibition (53.03%)
among all other samples while it was the lowest for BO cheese
sample (35.95%). Regarding the edible oils used, RBO (about
75.43% of unsaturated fatty acids) presented the highest
antioxidant activity than PO (about 54.42% of unsaturated
fatty acids) for all cheese types (Table 2 and Fig. 2, 3). These
results can be supported by the finding of Valantina et a/*
who reported that the antioxidant stability of RBO is greater
than PO even under repeated thermal fluctuations. They
explained that the more the unsaturated fatty acid in edible oil
increased the more their antioxidant effect increased.

In the same Fig. 3 the reducing power activity for RBO
spreadable processed cheese samples showed the higher
levels (full, 108.87; half, 78.13 and low, 21.62) than those of PO
which recorded to be 73.41, 67.86 and 59.82 in full, half and
low fat samples respectively. Itis well observed from Fig. 2 and
3 that the more fat percent in cheese increased the more
antioxidant effect of its extractincreased. Also, the antioxidant
effect of RBO cheese samples is more than those of PO cheese
samples. This finding is in parallel with those reported by
Valantina et a/* who said that RBO had better thermal
stability than PO due to the volatile nature of carotene in PO
during heating.

Oxidative stability of spreadable processed cheese
analogues after three months of storage at 5 or 25°C: The
stability of processed cheese analogues as affected by
replacing milk fat by edible oils (BO, RBO or PO) against
hydrolysis was evaluated by the determination of both acid
and TVFA values. Data presented in Table 5 showed that
amounts of A.V for full-fat samples are significantly greater
than half-fatand low-fat samples even in fresh or after storage
for three months at 5 or 25°C. It can be also observed that
there was a significantincrease in A.V for all samples until the
end of storage period. RBO containing samples had the
highest A.V followed by BO and then PO and this trend was
the samein all processed cheese analogue types and/or ages.
The highest AV was observed to be for full-fat processed
cheese analogue containing RBO (0.78 mg KOH g~ oil) while
the lowest was recorded for low-fat processed cheese
analogue containing PO (0.39 mg KOH g~ oil). These results
are in parallel with the AV determined for raw materials
(ROB, 1.02 mg KOH g~ oil; BO, mg KOH g~ oil and PO, mg
KOH g~ oil) presented in Table 2. The TVFA values were also
observed to be slightly significant increased for all samples
until the end of storage. The greatest value was detected for
full-fat BO containing samples (17.87 mL 0.1 N NaOH/100 g
cheese) after three months of storage at 25°C. This attributes
to the fat hydrolysis and liberation of free fatty acids, which
cause gradual increase of rancidity by increasing storage
temperature®,

On the other hand, oxidation of fats or oils is considered as a
complex process initiated by free radical reactions at the
double bonds of unsaturated fatty acids. Therefore, the
greater number of double bonds or degree of unsaturation of
the fatty acids, the greater the susceptibility to oxidation.
Some oils and fats are more prone to oxidation than others
such as those high in unsaturated fatty acids, especially
polyunsaturated fatty acids. Some of these oils and fats will
have natural levels of antioxidants that can counteract the
process of oxidation to a certain degree; however the
protective effective will eventually be exhausted. This often
coincides with an increase in oxidation of the unsaturated
fatty acids and generation of rancidity. Under conditions of
this study, the peroxide and TBA values were used to
determine the oxidative stability of different produced
processed cheese samples. Another index for oil oxidative
stability is conjugated dienes. The first stages of fat oxidation
can involve the formation of conjugated dienes and this can
be measured spectrophotometrically at wave length 232 nm.
Therefore, a change in conjugated dienes in fat containing
products is considered as an index of oxidation as previously
recommended by EI-Shibiny et a/3¢.
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Table 5: Changes in the acid value (mg KOH g~ oil), peroxide value (meq O, kg~ oil), thiobarbituric acid (OD), dienes % and total volatile fatty acids (mL 0.1N NaOH/
100 g cheese) of spreadable processed cheese analogues after three months under different storage temperature

Age Type Treatment AV TVFA PV Dienes TBA
Fresh Full BO-F 0.401 16.90° 0.57M 0.34b¢ 0.02b¢de
RBO-F 067 12.83ik 0.79° 0.05¢ 0.03%®
PO-F 0.32mn 13.83f9" 0.549 0.03e 0.032bcd
Half BO-H 0.35Km 14.90¢ 0.46' 0.32¢ 0.019%
RBO-H 0.55¢ 10.77mFa 0.63% 0.04¢ 0.032¢
PO-H 0.29 11.23mne 0.41m" 0.03¢ 0.022bcde
Low BO-L 0.31m™ 11.974m 0.33° 0.30¢ 0.01¢
RBO-L 0.46f" 9.77% 0.45' 0.03¢ 0.023bcde
PO-L 0.26° 9.43° 0.33° 0.03¢ 0.02b¢de
3 months/5°C Full BO-F 0.48f 17.33% 0.64¢f9 0.36%® 0.02¢de
RBO-F 0.67° 13.309Mi 0.85° 0.05¢ 0.03%¢
PO-F 0.401 14.20¢f9 0.619" 0.03¢ 0.022b<d
Half BO-H 0.42h 15.23 0.52 0.32¢ 0.042
RBO-H 0.60¢ 11.10mnep 0.71¢ 0.05¢ 0.032bcd
PO-H 0.35Km 11.63mn 0474 0.03¢ 0.02bcde
Low BO-L 0.36M 1243M 0.40m" 0.32¢ 0.01¢
RBO-L 0.58¢ 10.179 0.51%* 0.04¢ 0.02b¢de
PO-L 0.33mn 9.93a1 0.38" 0.03¢ 0.02¢de
3 months/25°C Full BO-F 0.60¢ 17.87° 0.68¢% 0.39° 0.01¢
RBO-F 0.78 13.430hi 0.88 0.05¢ 0.023bcde
PO-F 0.47% 14.400%f 0.66¢f 0.04¢ 0.02b¢de
Half BO-H 0.49° 15.90¢ 0.58M 0.34b¢ 0.01¢
RBO-H 0.68° 11.33mre 0.73¢ 0.05¢ 0.02bcde
PO-H 041" 11.90Km 0.52 0.04¢ 0.02¢ce
Low BO-L 0.43¢h 13.03Mi 0.44m 0.34b¢ 0.01¢
RBO-L 0.65°¢ 10.400p9" 0.54 0.04¢ 0.02¢de
PO-L 0.39% 10.20par 0.44m™ 0.04¢ 0.01¢
LSD 0.047 0.934 0.044 0.031 0.016

BO-F: Full fat butter oil, BO-H: Half fat butter oil, BO-L: Low fat butter oil, RBO-F: Full rice bran oil, RBO-H: Half fat rice bran oil, RBO-L: Low fat rice bran oil, PO-F: Full fat
palm oil, PO-H: Half fat palm oil, PO-L: Low fat palm oil, Different superscripts at the same column are significantly different (p<0.05)

Results presented in Table 5 shows that peroxide values (P.V)
of all types (full-fat, half-fat or low-fat) fresh processed cheese
analogues containing RBO were higher than samples
contained either BO or PO. The P.V increased significantly in
different processed cheese samples by the end of storage
period, but it was highest for full-fat sample containing RBO
(0.88 meq O, kg~ oil) when stored at 25°C. This may be due to
the high level of polyunsaturated fatty acids in RBO whish was
33.652% (Table 2) and can be easily oxidized®. Samples
containing PO presented lower P.V than those containing BO.
This result was in agreement with the finding reported by
Abd-El-Fattah3 who found that soft cheese containing palm
oil had lower PV compared with cheese samples containing
butter oil. Regarding dienes and TBA as an oxidation indicator,
data presented in Table 5 shows slightly changes in their
values among all experimental samples when fresh or at the
end of storage period.

CONCLUSION
From nutrition and health point of view it is well observed that
substitutions of milk fat by edible oils are in increase. Under

current study the replacing of milk fat by butter oil, Rice bran
oil or Palm oil in the spreadable processed cheese analogues
were evaluated. Depending on the gained data we can
conclude that the antioxidant activity and oxidative stability
of cheese samples are highly affected by the type and percent
of fat in the final product.
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